Ruminant production in dry tropical regions is commonly limited by adequate protein supply to the rumen. Supplementary protein can be made available via shrub and tree legumes, such as Calliandra calothyrsus, that are high in protein, produce large amounts of leaf material, and can be readily introduced into tropical environments (1) . However, these plants often contain condensed tannins (polyphenolics) which complex with protein, thus reducing nitrogen availability to rumen microorganisms. Polyphenolics also inhibit growth of predominant rumen bacteria (Fibrobacter succinogenes, Butyrivibrio fibrisolvens, Ruminobacter amylophilus, and Streptococcus bovis) (4, 22) , but tolerance to tannins has been demonstrated in some rumen microorganisms (35) . Strains of bacteria capable of degrading protein may therefore proliferate in response to tannin-rich diets such as calliandra. We examined whether proteolytic bacteria, which are present as significant populations in the rumina of animals fed calliandra, are able to ferment amino acids in the presence of tannins or hydrolyze protein that is complexed with tannin.
Nutrient medium containing precipitated tannin-protein complexes has been used previously to isolate enteric bacteria capable of degrading these complexes (37) . Brooker et al. (6) used this technique to isolate a ruminal bacterium, Streptococcus caprinus (gallolyticus) (42) , which produced clearing zones in this medium and was tolerant of tannins. Streptococcus gallolyticus appears to be widely distributed to ruminants fed tannin-rich diets, but their ecological role in digestion of these forages is yet to be defined (32) . In this study we used similar media (37) in an attempt to identify other bacteria that may be beneficial in the digestion of protein in tanniniferous diets.
MATERIALS AND METHODS
The anaerobic techniques of Hungate (19) as modified by Bryant (7) were used for the growth of organisms and preparation of media. The media were gassed with CO 2 , and 10-ml aliquots were dispensed into 25-ml Balch tubes (18 by 250 mm), which were stoppered and autoclaved for 15 min at 100 kPa. B vitamins (28) were added to each tube of medium just prior to inoculation, and incubations were at 39°C.
Isolation procedures. Rumen digesta (100 g) was taken from four sheep and four goats (2-year-old male castrates, rumen fistulated) held in metabolism crates and fed a 100% fresh-calliandra diet (3.6% N) ad libitum. Calliandra fed to animals included leaf and stem material from young regrowth material, which was cut from trees and offered to the animals within an hour of harvest. The animals were sampled 18 h after feed was offered, and digesta was transferred immediately to an anaerobic chamber containing a gas phase of CO 2 -H 2 (95:5). A 5-g subsample was diluted (1:10) with cold anaerobic diluent (29) , homogenized for 1 min (Bamix, Mettlen, Switzerland), and serially diluted in diluent to a 10 Ϫ9 dilution. Tannin overlay agar plates were prepared in an anaerobic chamber as follows (i) a 2% calliandra condensed tannin extract or tannic acid (Ajax Chemicals, Sydney, Australia) which was filter sterilized (22-m pore size) was poured onto brain heart infusion (BHI) medium or rumen habitat-simulating (RHS) medium (30) agar plates (Table 1) , (ii) the tannin solution was allowed to precipitate with protein on the plate surface for 20 min, (iii) the tannin solution was then aspirated off, and (iv) the plate was rinsed with diluent (37) . Droplets (20 l) were pipetted onto dried plates in an anaerobic chamber from the 10
Ϫ5
, 10
Ϫ6
, and 10 Ϫ7 dilutions (29) . More colonies grew on BHI medium, and therefore isolations were made only from these plates. Individual colonies that produced clearing zones or had distinct morphologies but did not produce zones were picked and inoculated into liquid BHI medium without tannin and restreaked onto BHI agar plates. Cultures were considered to be pure after three successive isolations from agar plates showed a single colony and cell morphological types. Cells were treated with Gram stain and examined by light microscopy. The number of proteolytic bacteria in sheep was estimated on RHS medium (30) , and proteolytic colonies were counted as those with zones of hydrolysis after the plates were flooded with 1 M HCl.
Growth and nitrogen digestion studies in the absence of tannin. Growth, ammonia production, and protease activity were determined for individual isolates grown on (i) peptide medium (PM), which contained primarily Casamino Acids (Difco) and Trypticase Peptone (Becton Dickinson) as substrates for growth, and (ii) PM with carbohydrates (PMC), which contained cellobiose, birchwood xylan, xylose, starch, and maltose ( Table 1 ). Bacteria that showed little growth response to carbohydrates were grown on PMC containing 0.5% glucose to simulate rumen conditions on a concentrate diet. Isolate Lp1284 was also grown in PM that lacked yeast extract but contained 1.5% Trypticase Peptone and 1.5% Casamino Acids, or the peptides were replaced with either 1.5% casein (BDH Laboratory Supplies) or 3% fraction 1 leaf protein so that specific rates of ammonia production from peptides and growth on protein could be compared with published data (3). Fraction 1 leaf protein, which is ribulose-1,5-bisphosphate carboxylase-oxygenase (Rubisco), was isolated and partially purified from the leguminous plant lucerne (Medicago sativa) by gel filtration (23, 24) . PM which lacked both yeast extract and rumen fluid was used to definitively confirm that Lp1284 could grow on peptides without carbohydrate.
Growth was measured as change in optical density (OD) at 600 nm (Spectronic spectrophotometer; Milton Roy Co.). Aliquots of culture fluid were taken at regular intervals during growth for measurements of ammonia production. The indophenol method for the determination of ammonia as described by Chaney and Marbach (9) was used to estimate the rate and amount of ammonia production in cultures.
Protease activity was measured during exponential growth in PM and PMC. Cells for protease assays were separated from culture fluid by centrifugation (7,000 ϫ g for 20 min at 4°C), washed, and suspended in 0.1 M Bis-Tris [bis(2-hydroxyethyl)imino-tris(hydroxymethyl)methane (pH 7)] and recentrifuged as described above. The cell pellet was resuspended in 0.01 of the original volume and disrupted twice by ultrasonication with a Sanophon ultrasonic disintegrator (Ultrasonic Industries Pty. Ltd., Sydney, Australia) at 60 W for 10 min at a time. Centrifuged culture fluid was also assayed for protease activity.
Proteolytic activities in cell-associated and extracellular fractions of cultures were determined spectrophotometrically with azocasein as the substrate (5) . Control experiments were performed by incubating enzyme samples and the azocasein substrate separately and by combining these solutions at the time of acid addition as described by Cotta and Hespell (13) . One proteolytic enzyme unit equalled 1 g of azocasein digested per h at 39°C. Extracellular proteolytic activity was expressed per milliliter of culture fluid per the OD of the culture prior to centrifugation. Cell-associated proteolytic activity per milliliter of culture fluid was also expressed per the OD of the culture. Assays were performed on centrifuged cell pellets that had been resuspended in buffer to the volume of the original culture. Enzyme activities were not expressed per milligram of microbial protein since the media contained large concentrations of the substrate nitrogen, some of which appeared to precipitate and could interfere with analysis of pelleted cell protein. The proteolytic ruminal bacterium Prevotella ruminicola B 1 4 was used for comparison of protease activities, with azocasein as the substrate.
Volatile fatty acids, ethanol, formate, lactate, succinate, and ethanol in the PMC culture fluid were analyzed by high-performance liquid chromatography with a Waters System equipped with an Aminex HPX-87 cation-exchange column (300 by 7.8 mm) for organic acids and a microguard column (Bio-Rad Laboratories, Richmond, Calif.) with a column heater (Waters model 1122/ WTC-120). Organic acids and ethanol were eluted with a mobile phase of 2.5% acetonitrile in 0.2% (vol/vol) phosphoric acid at a flow rate of 0.7 ml/min and a column temperature of 60°C, with UV detection at 210 nm. All assays were performed at least in duplicate.
Protein digestion in the presence of tannins. Bacterial isolates were also screened for the ability to degrade protein that was complexed with tannin. These isolates were grown with medium in which substrate protein was included only as a tannin-protein complex, and evolution of ammonia was used as an indicator of fermentation of protein as described previously.
Tannin-protein complexes (50 mg) were added to PMC (5 ml), but Casamino Acids, Trypticase peptone, and yeast extract were not included so that the only protein available was in a complexed form. The complexes were weighed into sterile Balch tubes, and autoclaved medium was added before each tube was closed with a sterile stopper. Tannin-protein complexes were mainly insoluble and could not be sterilized by heat, UV light, or ethylene oxide gas, because each of these processes causes changes to the tannin molecule, or by filtration. Duplicate cultures were each inoculated with 0.1 ml of individual isolates which had been grown to late log phase on PMC. Uninoculated controls were routinely included in all assays to account for any microbial activity introduced by the tannin-protein complexes, all of which were not sterilized.
The ability to ferment protein in calliandra was also examined with selected isolates alone or in combination with a fiber-degrading microbe, Ruminococcus flavefaciens AR67, and results were compared with results with a mixed rumen fluid inoculum. Cocultures with AR67 were performed because this strain degrades fiber in calliandra, and it is expected that the availability of plant protein is enhanced by the activities of polysaccharide-hydrolyzing bacteria (16) . Finely milled lyophilized calliandra (50 mg, 3.64% N) was added to the basal medium (10 ml) used for fermentation experiments of tannin-protein complexes, but NH 4 Cl was also included at a final concentration of 3 mM as a nitrogen source for the AR67. Polyethylene glycol 4000 (PEG 4000; 1 mg/10 mg of calliandra) was also included in some tubes to counteract the effect of tannin on protein (see reference 23) . PEG 4000 at this concentration does not affect the rate of ammonia production in cultures where tannin is not present (30a). Ammonia production was monitored during growth for 72 to 96 h. Procedures for inoculation of cultures were essentially the same as those described for experiments with tannin-protein complexes, except triplicate assays and uninoculated control experiments were performed. The rumen fluid inoculum (0.1 ml) was obtained from a steer fed a diet comprising (70%) rhodes grass (Chloris gayana) and (30%) lucerne. Rumen digesta was strained through muslin cloth and incubated anaerobically at 39°C for 30 min so that the larger particulate matter would float to the surface, and aliquots for inoculation were taken from the fluid phase beneath this layer.
Tannin purification and complexes. Total condensed tannin in calliandra was 6% as determined by the butanol-HCl method (46) . Condensed tannin in calliandra used in these studies was obtained by extraction with 7:3 (vol/vol) acetonewater from fresh calliandra leaves that had been lyophilized and ground through a 1-mm-pore-size screen (46) . The acetone was removed by rotary evaporation, and the aqueous solution was washed with diethyl ether to remove nontanniniferous material before chromatographic purification on Sephadex LH-20 as described by Terrill et al. (47) .
Tannin-protein complexes were made as follows: calliandra tannin which had been purified as described previously was dissolved (3% [wt/vol]) in 0.2 M sodium acetate buffer (pH 5) and then added slowly to a solution of BHI medium (2% [wt/vol] BHI, 0.2 M sodium acetate buffer [pH 5]), allowing tannin-protein complexes to form. The complexes were precipitated by centrifugation (2,000 ϫ g, 10 min), washed in the same buffer, and then centrifuged again and washed in culture medium to remove any soluble complexes before a final centrifugation and lyophilization of the pellet.
Bacterial genotyping and extraction of genomic DNA. The genotypic diversity and phylogeny of the isolates were determined with restriction fragment length polymorphisms (RFLP) of 16S ribosomal DNA (rDNA) amplified by PCR which had been digested with restriction endonucleases (33) . In addition, repetitive extragenic palindromic sequences (REP), enterobacterial repetitive intergenic consensus sequences (ERIC), and amplified rDNA intergenic spacer regions between 16 and 23S rDNAs (IR) were also used for genotyping (15, 21, 49) . The REP, ERIC, and IR techniques are able to differentiate bacteria at the subspecies level and can be used to rapidly confirm the identity and purity of strains.
Bacterial isolates were grown on PMC, and cells were centrifuged at high speed (10,000 ϫ g, 10 min). The pellet was resuspended and washed in 500 l of TE (10 mM Tris-Cl, 1 mM Na 2 -EDTA), and DNA was extracted according to the a L-Cysteine hydrochloride, resazurin, and agar for culture plates were added to media at 0.1, 0.001, and 2.0 g/100 ml, respectively, and deionized water was used to make up to volume.
b Final concentration and composition were identical to those of the solution described by Caldwell and Bryant (8) .
c Final concentration and composition were identical to those of the solution described by Menke et al. (31) . method of Stahl et al. (44) as modified by Krause et al. (27) . DNA concentration was measured at 260 nm and adjusted to a final concentration of 10 ng/l. ERIC, REP, and IR PCR protocols. Each 50-l PCR mixture included a 1/100 dilution of bacterial cells, 5 l of 10ϫ reaction buffer (Bresatec, Adelaide, Australia), 2.0 mM MgCl 2 (ERIC and REP) or 3 mM MgCl 2 (IR), 0.2 mM each deoxynucleotide triphosphate, 10 pmol of each primer, and 2.5 U of Taq polymerase (Promega, Sydney, Australia). For ERIC-and REP-PCR, cycling conditions were denaturation for 1 min at 94°C, annealing for 1 min at 47°C (ERIC) or 40°C (REP), and a final extension at 72°C for 2 min. This cycle was repeated 30 times. PCR cycling conditions for the 16-to-23S spacer were denaturation at 94°C for 5 min for the first cycle only and, 1 min thereafter, annealing at 50°C for 1 min, extension at 72°C for 1.5 min for 30 cycles, and a final extension at 72°C for 7 min. ERIC and REP primers were as previously described (15) . The 16-to-23S rDNA spacer was amplified with a conserved 16S forward primer (5Ј-AAG TCG TAA CAA GGT AG/AC CGT A-3Ј), and a conserved 23S reverse primer (5Ј-GGG TTT/G/C CCC CAT TCG G-3Ј).
16S rDNA RFLP analysis. The 16S rDNA was amplified from a 1/100 dilution of overnight culture with universal primers (27f and 1492r) .
Multivariate cluster analysis. The isolates were grouped on similarity of patterns of DNA fragments in agarose gels by the 16S rDNA RFLP typing method described above. Individual isolates were scored visually for the presence or absence of DNA fragments (range, 70 to 1.4 kb) generated by this typing method. Cluster analysis of similarity matrices was performed by the unweighted-pairgroup method with arithmetic averages (43) .
Amplification and sequencing of 16S rDNA. Bacterial biomass cultured in PMC for 2 days was centrifuged, washed once in sterile distilled water, and frozen at Ϫ20°C. Methods detailed in references 26 and 27 were employed for isolation and storage of DNA and PCR amplification of the 16S rDNA. Automated sequencing (27) was employed to obtain the nearly complete sequences (1,450 bp) of the 16S rDNAs from strains Lp1265, Lp1275, Lp1276, and Lp1284. Primers 27f and 1492r were employed for PCR, while primers 343r, 519r, 787r, 907r, 1100r, 1241r, 1385r, and 1492r were employed for sequencing.
Comparative sequence analysis. Sequence data was aligned with CLUSTAL W (48) , and the alignments were manually adjusted to take account of the conserved nature of helices. Phylogenetic analysis was by the distance methods of Jukes and Cantor (25) , and tree topology was inferred by using the neighborjoining algorithm (34) with Treecon. All sequence-based trees were analyzed by bootstrapping of 1,000 trees.
Statistical analysis. Statistical analysis of the effects of carbohydrates on growth, ammonia production, and protease activity was by analysis of variance, with differences being determined by the method of least significant difference at the 5% level (P Ͻ 0.05).
RESULTS
Isolation, morphology, and genotype. Proteolytic bacteria were present in the rumina of calliandra-fed sheep at 1.5 ϫ 10 8 cells/g of digesta. Fifteen (data for Lp1272 are not shown) different proteolytic isolates were identified based on polymorphisms of IR, ERIC, and REP sequences ( Fig. 1; Table 2 ). The bacteria were grouped on the basis of similarity according to results of cluster analysis of 16S rDNA RFLP patterns ( Fig. 2  and 3 ). Several strains (Lp1268, Lp1269, Lp1272, Lp1276, Lp1275, and Lp1289) were closely related phylogenetically based on 16S rDNA RFLP patterns, and all produced lactate, formate, and acetate as end products of fermentation (Table  2) . Strain Lp1284 produced both isobutyrate and isovalerate, while Lp1311 was the only isolate that formed succinate. Both strains Lp1265 and Lp1266 produced butyrate as a major end products. Two bacteria (Lp1265 and Lp1284) produced clearing zones on both tannic acid and calliandra tannin plates, while the other isolates produced zones with only one tannin type or no zones at all (Table 2) .
Carbohydrate fermentation and deaminase and protease activities. The isolates were placed into two groups (high and low fermentation of carbohydrate) based on a significantly higher (P Ͻ 0.05) growth response to inclusion of carbohydrates other than glucose in the medium (Table 3) . Inclusion of glucose of PMC increased the maximum OD by only 0.2 to 0.4 for two of the bacteria with low levels of carbohydrate fermentation (Lp1280 and Lp1283B), which was less than the growth response to sugars in the group with high levels of carbohydrate fermentation. Deletion of yeast extract and rumen fluid from PM resulted in a decrease in growth of Lp1284 from 0.70 to 0.42 OD units.
All isolates showed deaminase activity when they were grown on PM, but strain Lp1284 grew to the highest OD (P Ͻ 0.05) and produced the greatest amount of ammonia (Table 3) (P Ͻ 0.05). Specific growth rate, OD, linear rate of ammonia production, and total ammonia production for Lp1284 in PM that contained 1.5% Trypticase peptone and 1.5% Casamino Acids were 0.28, 1.45, 734 mol/min/ml/OD unit and 62.3 mM, respectively. Strain Lp1284 also produced ammonia from growth on casein (OD, 0.65) and fraction 1 leaf protein (Fig.  4) . Approximately 18.2 and 31.5% of N from TrypticaseCasamino Acids and casein, respectively, were fermented to ammonia N by Lp1284. Proteolysis of azocasein was detected for all isolates and varied from Ͻ10 to Ͼ160 U compared with 105 U of activity for P. ruminicola B 1 4 (Table 3) . Protease activity in bacteria with low carbohydrate fermentation was predominantly extracellular, whereas carbohydrate fermenters produced both cell-associated and extracellular activities. The protease activity of carbohydrate-fermenting bacteria (except for Lp1269) was not significantly (P Ͻ 0.05) affected by the presence or absence of carbohydrate in PM, although this activity tended to be lower in the absence of sugar in the bacteria that fermented carbohydrate at low levels (Table 3) . Protein digestion in the presence of tannins. Initial screens showed that two isolates (Lp1284 and Lp1265) produce ammonia (Ͼ1 mM) from calliandra, and these isolates were thus compared with mixed rumen fluid. Both isolates and mixed rumen fluid fermented protein in calliandra to ammonia (5 to 10 mM) when PEG 4000 was included in the medium, but the cultures accumulated significantly less ammonia (1.5 mM) when PEG 4000 was absent (Fig. 5) . The percentages of calliandra protein N fermented to ammonia N by Lp1284, Lp1265, and rumen fluid in the presence of PEG 4000 were 52.2, 71.4, and 64.8% respectively. Coculturing of either Lp1284 or Lp1265 with the fibrolytic strain R. flavefaciens AR67 did not significantly affect the rate or extent of protein fermentation (data not shown).
Ammonia production from growth on tannin-protein complexes (containing 22% protein) was not greater than that of the control cultures, which lacked the complexes (data not shown).
Nucleic acids and 16S rDNA comparisons. The GenBank accession numbers for the nucleotide sequences used are AF105402 (Lp1284) and AF105403 (Lp1265). Lp1284 was closely related to Clostridium botulinum NCTC 7273 (97.6%). The sequence of the closest relative to strain Lp1265 was Pseudobutyrivibrio ruminis DSM 9798 (96.3%). Strains Lp1275 (accession no. AF135452) and Lp1276 (accession no. AF135453) grouped with Eubacterium spp. and Streptococcus spp., respectively, and the closest relatives were Eubacterium gallinarium (accession no. AF03990) (98.3%) and Streptococcus bovis JB1 (99.1%). Phylogenetic trees based on 16S rDNA sequences of these bacteria and closely related organisms are shown in Fig. 6 .
FIG. 2. Restriction fragment length patterns of 16S rDNAs digested with
AluI, DdeI, and Sau3 for proteolytic isolates. 
a TA, tannic acid; CT, calliandra tannin; ϩ, clearing zones around colonies; Ϫ, no clearing zone; NG, no growth. b A ϩ with no value in parentheses indicates that only a trace amount (Ͻ1 mM) of the end product was produced; a Ϫ indicates that no product was produced. Succinate (23.6 mM) and a trace amount of isobutyrate were produced by Lp1311 and Lp1284, respectively.
DISCUSSION
This study demonstrates that proteolytic bacteria which ferment peptides to ammonia occur in relatively high numbers (10 8 /g of digesta) in ruminants fed a highly tanniniferous diet and that the isolated organisms fall into two classes: those with high and low levels of carbohydrate fermentation. However, it cannot be definitively stated that the presence of these bacteria was due to the tannin-containing calliandra since animals not fed a tannin-enriched diet may also harbor these microorganisms. Therefore, the characterization of these proteolytic bacteria is discussed (i) within the broader context of rumen microbial ecology and (ii) in relation to their potential role in digesting tannin-rich forage.
Hungate (18) stated that he had "encountered" rumen bacteria "able to digest casein and requiring no carbohydrate," but he did not isolate these bacteria. This is the first report of a proteolytic ruminal bacterium that grows rapidly on peptides and amino acids and does not require carbohydrates for growth. Previously, only obligate amino-acid-fermenting bacteria that were not proteolytic had been isolated (14) . Strain Lp1284 is an ammonia hyperproducer, grows rapidly on peptides and amino acids, and is highly proteolytic. This organism also ferments peptides to branched-chain fatty acids and propionate, which has also been observed with the obligate aminoacid-fermenting rumen bacterium Clostridium sticklandii SR (11), which is not proteolytic. The rate and amount of ammonia production of Lp1284 grown on peptide medium were similar to those of the obligate amino-acid-fermenting rumen FIG. 3 . Cluster analysis of restriction patterns of the amplified 16S rDNAs shown in Fig. 2 for proteolytic isolates. bacteria Peptostreptococcus sp. strain D1 and strain D4 (3). The high specific rates of ammonia production by Lp1284 are also comparable with those of Peptostreptococcus anaerobius (type C), C. sticklandii (type SR) and Clostridium aminophilum (type F) (10, 11, 26) . Strain Lp1284 apparently converted approximately 18.3% of peptide N from Trypticase and Casamino Acids to ammonia and grew to an OD similar to that of Peptostreptococcus anaerobius (type C), which utilized 23 to 31% of the N from these nitrogen sources (10) . A highly proteolytic clostridium (C. proteoclasticum) has also been isolated from the bovine rumen, but this organism grows on carbohydrate and does not produce ammonia (2) . Most of these ammoniahyperproducing bacteria fall within the genus Clostridium, as described by Collins and coworkers (12) (Fig. 6 ). Phylogenetic analysis based on 16S rDNA sequence indicates that Lp1284 is related to C. botulinum group 1. This group of bacteria contain proteolytic C. botulinum types A, B, and F (20) . They are also closely related to Clostridium sporogenes and fall within cluster 1 of the polysaccharolytic clostridia (40) . Phylogenetic analysis and phenotypic characteristics demonstrate that strain Lp1265 belongs to cluster XIVa of the Clostridium subphylum (12, 50) and that it is closely related to several strains of B. fibrisolvens (17) but that Lp1268, Lp1269, Lp1272, and Lp1276 are Streptococcus spp. This is the first report of an attempt to isolate rumen bacteria with an ability to digest protein in the presence of condensed tannins. Although the bacteria isolated were proteolytic, we were unable to demonstrate significant degradation of calliandra-protein complexes or fermentation of in situ complexed calliandra protein. However, when the interaction between tannin and protein in calliandra was counteracted with PEG 4000, then proteolytic bacteria were able to readily degrade protein. This result indicates that a substantial amount of calliandra protein is readily available for fermentation, provided that it is not totally complexed with tannin, which occurs in fresh plant material.
Anaerobic bacteria that degrade hydrolyzable tannins or hydrolyzable tannin-protein complexes have been isolated from the digesta of many nonruminant species, including koala (Phascolarctos cinereus), by using tannic acid as the model tannin in the selection medium (36) (37) (38) (39) . A reason why bacteria that degrade calliandra tannin-protein complex were not isolated is probably due to the difference in chemical structures of these two classes of tannins. Hydrolyzable tannins (e.g., tannic acid) are polymerized units of glucose esterified to gallic and hexahydroxydiphenic acid, whereas condensed tannins (e.g., calliandra tannin) are polymers of flavan-3-ols or flavon-3,4-diols (Fig. 7) . Both tannins complex with protein by forming hydrogen bonds between the phenolic subunits of the polymer and aliphatic and aromatic side chains (carbonyl groups of peptides) of the protein. The most likely explanation for degradation of hydrolyzable tannin-protein complexes is that enzymes (tannin acylhydrolases and esterases) depolymerize the tannin polymer by cleaving the ester linkages between glucose and the phenolic subunits (41) . A mechanism for the anaerobic degradation of the condensed tannin molecule has not yet been described. However, nonenzymatic cleavage of both types Further studies should be undertaken to determine whether some ruminal populations are better adapted to (tolerant of) tannin-containing forages and thus more efficient at digesting protein under those circumstances. Tolerance of the isolates to tannins was not measured, but the isolation procedures have previously yielded tolerant bacteria (6, 35) . However, the predominate use of hydrolyzable tannin in these experiments rather than condensed tannin should be reevaluated, consid- 
